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In ceDar practice grape juice is preferably made as clear as possible, and fermentations take place under strictly anaerobic conditions. In the laboratory, however, the fermentation rate of EK-filtered and de-aerated juices was always so much slower than that of juices obtained by normal cellar routine that no dry wines could be prepared uuless fermentation stimulating methods were applied. Apparently in most ceDar fermentations sufficient amounts of oxygen and/or of yeast growth promoting steroids from the grapes are present to complete fermentation, but the exact amounts present are unknown. In practice problems with lagging fermentation could occur in cases where clarifying and de-aeration of juice were performed too rigorously.
Grape juice was clarified by diverse methods, and white wines were prepared from the juices under various conditions in order to study the effect of de-aeration, addition of settled juice with residual turbidity, micro-aeration and application of ergosterol suspensions on fermentation rate. EK-filtered juices were used to experiment with methods for reactivating lagging fermentation and also for investigating the effect of fermentation conditions on the production of wine volatiles. With the aid of the above-mentioned fermentation stimulating means the fermentation of EK-filtered juices could be completed within an acceptable period of time.
Steps to reactivate lagging fermentations should be taken as early as possible, although additions of settled juice were often successful, even when applied at a late stage during fermentation. Filtered juice from different cultivars and origins behaved in a markedly similar way with regard to fermentation and the production of volatile components. Filtration of juice caused partial loss of the cultivar character of the wine but wines from filtered juice with additions of ergosterol were nevertheless allotted the highest scores during organoleptic evaluation. The production of higher alcohols depends on the degree of juice turbidity and fermentation temperature. In clear filtered juice, however, the production of higher alcohols was independent of fermentation temperature. The formation of acetates of higher alcohols is greatly enhanced, by adding ergosterol to the filtered juice.
The purpose of this study was to find methods of directing aroma formation more reproducibly during fermentation and to produce a wider variety of wines.
Cellar experiments with the 1978 vintage proved that the best wines were obtained from highly clarified juices (Houtman, Marais & du Plessis, 1980a) . This favourable effect of stringent juice clarification on wine aroma has repeatedly been reported (Wucherpfennig & Bretthauer, 1970; Singleton, Sieberhagen, de Wet & van Wyk, 1975; Ribereau-Gayon, Lafon-Lafourcade & Bertrand, 1975; Bertrand, Marly-Brugerolle & Sarre, 1978; Wenzel & Dittrich, 1978; Williams, Ough & Berg, 1978) . The residual turbidity in juice after settling often contains substances which cause H 2 S-like off-odours in wine (Wenzel & Dittrich, 1978; Houtman et ai, 1980a) . Wines from highly clarified juices are comparatively low in higher alcohol concentration, whereas the ester concentrations are reported to be enhanced (Crowell & Guymon, 1963; Wucherpfennig & Bretthauer, 1970; Ribereau-Gayon et ai, 1975; Bertrand et ai, 1978; Groat & Ough, 1978; Killian & Ough, 1979) . The resulting wine aroma is described as a light, pure, ester-like, fruity fermentation bouquet (Singleton et ai, 1975; Williams et ai, 1978; Ribereau-Gayon, Sudraud & Lafon-Lafourcade, 1978; Houtman et ai, 1980a) . The production of higher alcohols is also strongly dependent on fermentation temperature.
The higher concentrations were found after fermentation at 25°C rather than at 10 °C (Crowell & Guymon, 1963; Asmundo & Zamorani, 1976) .
The presence of oxygen in grape juice prior to fermentation, even oxidation of the juice, is not generally considered detrimental to wine quality. Processing of grapes and must under anaerobic conditions can even induce a too reductive atmosphere and thus cause H 2 S formation (Perscheid & Ziim, 1976; Miiller-Spath, 1977; Miiller-Spath, Loescher & Schafer, 1977) . On the other hand, a too strong stimulation of yeast growth by aeration in the beginning of fermentation also causes highly reducing conditions, and thus H 2 S formation, as soon as the oxygen has been consumed (Houtman et ai, 1980a) .
Recently Dittrich (1978) and Vos & Gray (1979) showed that H 2 S production can be controlled effectively by a relatively high ammonium-nitrogen addition to juice.
The preference of South-African wine makers to make juices as clear as possible and to ferment under stricly anaerobic conditions seems to be well motivated. However, juice clarification may also result in a distinct loss of cultivar character, and wines tend to be too uniform. This loss of character is also reported by Williams et ai, (1978) . It has become quite evident, too, that excessive juice clarification is a cause of lagging fermentation (Wucherpfennig et ai, 1970; Ribereau-Gayon et ai, S. Afr. J. Enol. Vitic., Vol. 2. No.2. 1981 
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The effect of juice clarity on fermentation rate 1975; Groat & Ough, 1978; Houtman et at, 1980a, b) . Essential yeast-growth factors, such as ergosterol and other steroids, are removed from the juice by EKfiltration. Under absolute anaerobic conditions such filtered juice will never ferment to dryness. Paradoxically, this means that cellars having the most perfect devices nin the largest risk of fermentation problems.
With regard to oxygen availability to proliferating yeast, a middle way should evidently be chosen. Quantitative data on aeration conditions for optimal wine quality are still lacking, especially in the case of highly clarified juices. In this connection recent observations on the function of ergosterol as a growth or survival factor for yeast are of great importance (Sapis-Domercq & Peynaud, 1973; Larue, Lafon-Lafourcade & Ribereau-Gayon, 1978; Lafon-Lafourcade & Ribereau-Gayon, 1979) . In beer research, especially, the ergosterol need of proliferating yeast has been extensively investigated (David & Kirsop, 1973; Aries & Kirsop, 1977; Aries & Kirsop, 1978; .
The purpose of this investigation was: • to confirm the 1978 cellar results with regard to juice clarity and wine quality; • to test the effect of various fermentation stimulating measures on wine quality and the production of fermentation aroma components; • to assess to what extent reproducible wine aromagrams could be obtained with juice from different grape cultivars.
MATERIALS AND METHODS
Juice: Cellar fermentations were performed with free-run juice from ripe and nearly ripe Chenin blanc grapes from two vineyards, viz. "Nietvoorbij" at Stellenbosch and "Nagenoeg" at Lynedoch. For the laboratory fermentations, juice of the cultivars Chenin blanc, Colombar and Cape Riesling were used.
Treatment of the juices: The following procedures were applied to obtain juice of six degrees of clarity:
1. After addition of 0,25g bentonite/£, free-run juice was allowed to settle under CO 2 for 18 hours while cooling to 4 °C (S-juice). 2. Settling was performed in the same way as above after incubation of the juice with pectolytic enzymes for 3 hours at 20-25 0c. (Ultrazym-100 (2g/h£) or Spark-L (1 g/h£) were used). 3. S-juice was filtered through a sterilizing EK-filter (EK-juice). 4. S-juice was filtered through a No.3 cellulose-asbestos sheet. As a result of blocking of the filter by suspended juice particles, the filtrate became gradually cleaner in the course of filtration, and the first 10% was recycled. 5. S-juice centrifuged for 10 minutes at 1 465 g (3 000 rpm). 6. S-juice centrifuged for 20 minutes at 10 400 g (8 000 rpm).
The juices used for laboratory fermentations were stored under CO 2 at -14°C. Before use they were thawed and de-aerated for 10 minutes by means of a jet of nitrogen. Filling of the containers and flasks, inoculations and all other handlings of the must were performed in a closed system under CO 2 gas.
These juices were subjected to various sub-treatments, viz:
(a) aeration of the must or the headspace by periodic injections of small volumes of air or by means of a continuous stream of CO 2 mixed with various percentages of air applied with an Auto-Analyser pump (Fig. 1) ; (b) ergosterol application: 45 mg of ergosterol, dissolved in 5 m£ boiling ethanol, were added hot to a litre of the juice and stirred by means of a CO 2 -stream; (c) admixtures to EK-juice of S-juice or of the centrifuged precipitate from S-juice; (d) various other additions, such as bentonite (0,5 g/£), (NH 4 hHP0 4 (0,25-1,0 g/£) and Tween-80 (300 mg/£).
Fermentation: Most fermentations were carried out at 13 °C or 15°C; the effect of juice turbidity on the production of higher alcohols was tested at 13°C and 25 °C. Samples of 400 m£ juice in 750 cm 3 glass bottles were used in the laboratory. In the cellar 65£ lots were fermented in 90£ stainless steel containers. Bottles and containers were closed with plastic or glass fermentation locks.
Yeast: A pure culture of Saccharomyces cerevisiae (strain WE 14 of the OVRI) was used. Propagation of the yeast culture was carried out in sterilized juice at 13 °C for eight days. Unless otherwise stated, a 2,5% inoculation of this yeast culture was used.
Determination of yeast mass and fermentation rate: Fermentation rate and yeast mass were defined and determined as described previously (Houtman et at, 1980a) .
Gaschromatographic determination of aroma compounds: The method described by Marais & Houtman (1979) was applied for the quantitative gas chromatographic determination of 14 volatile components in wine, namely the following eight esters, four alcohols and two acids: ethyl butyrate, ethyl hexanoate, ethyl octanoate, ethyl decanoate, ethyl acetate, i-amyl acetate, n-hexyl acetate, 2phenylethyl acetate, i-butanol, i-amyl alcohol, n-hexanol, 2-phenyl ethanol, hexanoic acid and octanoic acid.
Wine quality evaluation: A tasting panel of the OVRI evaluated the wines from the 65£ fermentations.
RESULTS AND DISCUSSION
The effect of various fermentation stimulating treatments on wine quality: The eighteen wines, prepared in the cellar from filtered juice, obtained significantly higher scores than those made by standard cellar procedure. The 1978 results with regard to juice clarity, de-aeration and bentonite treatment were thus confirmed. Especially, the six F-e-b wines (filter-ergosterol-bentonite treatment) obtained a good average score of 69% (Table 1) . A more 16m mi
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An Auto-Analyser scheme for micro-aeration of 0,40£ samples of fermenting must, detailed study concerning the effect of ergosterol on wine quality should, therefore, be undertaken, Most of these fermentations were slow, and the results seem to indicate that yeast produces better wines when fermenting under sub-optimal conditions, However, some of the ergosterolstimulated fermentations proceeded relatively fast and yet gave the best wines. These results with ergosterol suggest that it may be possible to separate the useful fermentation stimulating qualities of the suspended grape solids from their harmful properties, namely those enhancing the production of higher alcohols and causing malodours in wine. Nevertheless, the fermentation of highly clarified and de-aerated juice is obviously hazardous. Not one of the filtered and de-aerated juices of the 1976-1980 vintages fermented dry unless fermentation stimulants were used. Similar problems were found with juices clarified by enzyme treatment or centrifuging (Table 2, Fig. 2 ).
Methods to regulate the fermentation time of clarified and de-aerated juice: Ergosterol addition: Although South-African legislation does not permit the use of ergosterol in cellar practice, the application of this vitamin-like product could not actually be described and condemned as "artificial", because ergosterol is a natural ingredient of grapes, occurring with other yeast-growth stimulating steroids in the wax layer on the grape berry (Lafon-Lafourcade et al, 1979) . During the crushing and pump-ing processes the wax layer can be partially dispersed in the juice in such a fine state that it may pass through a No.3 filter. With the aid of EK-filters the active suspension can be completely removed (Fig. 2) . The ability of the yeast cell to avail itself of this material is dependent to a large extent on the degree of dispersion. Crystalline ergosterol exerted no activity ( Fig. 3 ). Artificial ergosterol suspensions had good fermentation promoting properties (Houtman et al, 1980a) , especially in the presence of an emulsifying agent ( Fig. 3 ), but on a mass/mass base they are by no means as active as the fine natural suspensions. Aeration: In practice juice is not de-aerated, which explains the usually smooth running fermentations even in the case of enzyme-treated juice of high clarity. Oxygen enables the yeast to synthesize the required amount of ergosterol from squalene (Sapis-Domercq et al, 1973) . Usually the oxygen concentration of fresh juice amounts to about 8 mg/t' and is sufficient to meet the requirement. According to the yeast uses only 15% of the available oxygen for this synthesis. A surplus of air generally leads to off odours in wine. The H 2 S odour, which was perceived in wines when the headspace above the juice was aerated before inoculation, can be ascribed to the metabolism of sulphur-containing amino acids by the actively proliferating yeast cells, and to the strongly reductive conditions in the must arising from yeast proliferation immediately after consumption of all available oxygen. According to Vos & Gray (1979) HzS malodours can be prevented by addition of di-ammoniumphosphate, thereby ensuring that the must is not deficient in nitrogen and that the amino acids will, therefore, not be degraded for nitrogen requirements.
In our experience an addition of 0,5 g(NH 4 )zHP0 4 /t' juice was not always adequate to prevent HzS-formation after an initial aeration of an inoculated must.
Another possibility is to de-aerate the clarified juice and to control the fermentation rate by means of small and regulated aerations. Thus the yeast can be kept in a condition of oxygen deficiency to prevent a too lively fermentation and an excessive amino acid degradation. The minimal required amount of oxygen and the best period and rate of application can thus be determinated experimentally on de-aerated EK-filtered juice. By means of an Auto-Analyser pump different amounts and ratios of air and COz can continuously or intermittently be administered to the must. Thus fermentation can be lead along a variety of rate-curves, some of which are presented in Fig. 4 .
Suspended grape material; dispersion grade:
The frequency of the occurrence of lagging fermentation in laboratory experiments with juices which were cleared in different ways, are given in Table 2 . Settled grape juices of various cultivars and origins may behave quite differently with regard to fermentation rate and to the time required to complete fermentation (Table 3) . However, the EKfiltrates of such juices behaved more or less identically, also in the case of small additions of one settled juice sample (Fig. 5 ). This emphasizes the fundamental differences between fermentation behaviour of settled and clear filtered juices. The fermentation behaviour of the enzymatically cleared and settled juice, as it is commonly used in cellars, lies somewhere in between. Experimental results with these undefined media are often difficult or impossible to reproduce. The difference in fermentation behaviour of various juices seems to be mainly the result of differences in the small amount of residual turbidity remaining in the juice after settling. The highest activity of the yeast growth stimulating steroid fraction was found in the Riesling sample. The smooth fermentation of No. 3-filtered Riesling juice, in contrast to its EK-filtrate, indicated that in this case a relatively large part of the steroids was so finely dispersed that they could pass the No. 3 filter. It stands to reason that the yeast growth promoting factor in this form will be best available to the yeast. There are strong indications that the degree of dispersion of this "factor" in grape juice is of considerable importance for its availability to the yeast. For example, an addition of settled Chenin blanc juice to EK-filtered juice enhanced the fermentation rate, whereas the centrifuged precipitate from the settled juice did not (Fig. 6) . Accordingly, an addition of ergosterol to EK-filtered juice has a more pronounced fermentation promoting effect when added together with an emulsifier such as Tween-80 ( Fig. 3) . It is, therefore, of major importance to acquire more knowledge of the natural emulsifying agents in grape juice. The fermentation rate of EK-filtered and de-aerated grape juice with 25 vol. % additions of de-aerated settled juice at three points of time.
A ______ EK-filtered and de-aerated juice. B --Settled and de-aerated juice.
a ---80% A + 20% B; admixture before inoculation. b ---80% A + 20% B; admixture at the 20th day. c ---80% A + 20% B; admixture at the 45th day. p ______ Juice A with an addition of the centrifuged precipitate from V4 volume of juice B. "Mass inoculation" and addition of ammonium-nitrogen:
The fermentation rate of EK-filtered and de-aerated juices was increased by massive inoculations (10%) as well as by the addition of di-ammonium phosphate (Fig.  7) . In these cases the treatments did not suffice to effect complete fermentation, but with No.3 filtrates and juices which were less drastically purified and de-aerated, the combination of large inoculum volumes and the addition of nitrogen were in most cases sufficient to allow the fermentation to continue to completion. In practice this a ______ EK-juice; inoculation concentration 2,5%.
b ______ EK-juice + (NH 4 hHP0 4 (1,0 g/t); inoculation concentration 2,5%. c ---EK-juice; inoculation concentration 10,0%.
d --EK-juice + (NH 4 hHP0 4 (1,0 g/e); inoculation concentration 10,0%. S ---Settled juice; inoculation concentration 2,5%. combination can be useful in shortening fermentation time.
Procedures to revive lagging fermentation of clear juice: Reviving of lagging fermentation by means of racking is a hazardous operation with regard to wine quality because of the possibility of oxidation. The later a lagging fermentation is treated, the more difficult it becomes to reactivate the yeast. It is better, therefore, to arrange conditions beforehand so that a completion of the fermentation can be expected. Four reactivating agents were studied, namely ergosterol, fresh yeast inoculation, aeration and addition of settled juice.
Ergosterol addition: When ergosterol was added to a fermenting clear juice some days after inoculation, it did not enhance fermentation (Houtman et at, 1980a) .
However, a combination of ergosterol (45 mg/C) and Tween-80 (300 mglC) speeded up lagging fermentations of clear juices, even on the 7th day after inoculation ( Fig.  8 ). Of course, Tween-80 cannot be applied in practical oenology. The principle may be applied in future cellar practice only if preparations of natural grape emulsifying agents should become available, and if the law should allow them to be used. Fresh yeast inoculation: Inoculation of lagging fermentations with fresh yeast was not successful in reviving fermentation.
Aeration: Racking is the classic method for the revival of lagging fermentation. It is in fact based on aeration, which may cause oxidation and thus be detrimental to wine quality. In our experiments a partial aeration of the headspace (even a very small leakage of air through the stopper of the vessel) was sufficient to carry lagging fermentations of highly clarified juices to completion. Experiments with quantitatively controlled microaerations at different stages of lagging fermentation have confirmed this observation (Fig. 4) . However, in most cases oxidation symptoms were observed and wine scores decreased. As in the case of early aeration, the principle of quantitatively regulated micro-aerations during fermentation should be investigated thoroughly. At present it is not advisable to aerate after the lowest point of the redox potential has been reached.
Addition of settled juice: At present the safest way to overcome lagging fermentation of highly clarified juice appears to be an addition of about 25 vol. % of a settled juice (Fig. 6 ). However, from the foregoing it is clear that all settled juices do not necessarily have the same yeast-growth stimulating capacity.
Factors affecting the production of aroma components during fermentation: Gaschromatograms of wines may be used to gain an impression of the degree of reproducibility of fermentation results and also to compare grape cultivars, juice preparation methods and fermentation conditions with regard to the formation of fermentation aroma components.
From the wine aromagrams it appears that, even with the exclusion of ethanol and acetic acid, far more than 95% of the wine volatiles is formed by the yeast on a mass basis. More than 90% of the fermentation aroma complex is made up of some fourteen components. The major components of the fermentation volatiles belong to four chemical classes, viz. higher alcohols, acetates of these alcohols, fatty acids and the ethyl esters of these acids. The correlation between must sugar content and the concentrations of ethyl octanoate and ethyl decanoate was shown previously (Houtman et ai, 1980a,b) . The range of concentrations of these ethyl esters is rather limited.
Notably larger variations were observed in the concentrations of higher alcohols and their acetates in wines in relation to fermentation conditions. Concentrations of i-amyl acetate, for example, varied between 0,8 and 15 mglC. These alcohols and acetates are, therefore, much more sensitive parameters for measuring the reproducibility of fermentation than the ethyl esters.
In this respect it is noteworthy that i-amyl acetate also proved to be a sensitive parameter with regard to statistical classification of white wines by origin (Marais, Van Rooyen & du Plessis, 1981) . In Table 4 the results of gaschromatographic analyses of the cellar wines mentioned in Table 1 are recorded and may be summarized as follows:
Filtration: All wines from filtered juices were nearly identical with regard to their ethyl ester and higher alcohol concentrations.
Filtration and ergosterol addition: All fourteen cellar wines from filtered juice with ergosterol addition were equally high in acetate concentrations, significantly higher (about threefold) than the other series. This effect was similar for i-amyl acetate, 2-phenyl ethyl acetate and n-hexyl acetate and also visible with the ethyl acetate concentrations. Apparently the generation of "activated acetic acid" (the Co-enzyme derivate of acetic acid; CH 3 -CO-S-CoA) is enhanced by ergosterol (Nordstrom, 1963; Nordstrom, 1966) .
Settled and filtered juices; fermentation temperature: The wines made from settled juices were higher in higher alcohol concentrations than wines from filtered juices. Table 5 shows that of all the volatiles measured in this study, the concentrations of the higher alcohols are affected most by the combination of the variables juice turbidity and fermentation temperature. The concentration of the higher alcohols in the wines from EK-filtered juice was remarkably low and independent of fermentation temperature. The concentrations of higher alcohols in wines from settled juices, fermented at 13 °C, were roughly double, compared with those of the abovementioned wines. After fermentation at 25°C the concentrations were nearly quadrupled. Apparently, unacceptable high values of the higher alcohol concentrations in wines can be attributed entirely to the presence of grape solids in the juice, especially in the case of higher fermentation temperatures. In this respect i-butanol was the most sensitive alcohol. Filtration and aeration: Micro-aerations at various stages of fermentation did not affect the concentration of most of the volatile components in the wines. An aeration of 20 mg 02IClday, from the 7th to 14th day of fermentation however, often resulted in a rise of ethyl dec-9-enoate concentration from zero up to about 0,2 mglC; the ethyl decanoate concentration was correspondingly decreased as a result of this oxidation.
Similarity of the fermentation-aroma composition of wines from different vineyards: Chenin blanc wines were made from grapes from each of two vineyards differing considerably in situation, soil type and fertilizer application. Both groups were handled identically with regard to filtration of the juice, de-aeration, yeast inoculum and fermentation stimulation by air and by ergosterol. Between comparable wines of both groups no difference in the concentrations of any but two of the volatiles was found, namely in n-hexanol and its acetate, which appeared to be highly origin-specific (Table 6 ).
Similarity of wine aromagrams of three cuItivars: Duplicate wines made from the same juice and fermented with the same yeast under identical conditions usually yielded similar aromagrams. Under such conditions even wines from filtered juices of different cultivars often gave remarkably similar aromagrams (Table 7 , column I, especially Chenin blanc and C. Riesling). In wines from settled juices usually more substantial differences in aroma composition were observed, especially with regard to the concentrations of acetates and higher alcohols ( Table 7 , column II).
Cellar and laboratory fermentations: In all cellar and laboratory fermentations, carried out with the same juices under apparently comparable conditions, the con- Table 4 ; C 6 ac = hexanoic acid, Cgac = octanoic acid. centrations of volatiles in the cellar wines were considerably higher than in the laboratory wines (Tables 4 and 8) . This is an indication of the existence of another important factor, which is probably connected to differences in the propagation of the inoculum in the cellar and laboratory. This possible effect of inoculum conditions should be investigated further.
'Abbreviations as in
Amino-nitrogen addition to filtered juices: By addition of di-ammonium phosphate the amino-nitrogen content of juices was brought to two levels, viz. 105 and 300 mg NIt' (Table 9 ). The addition of the ammonium salt to the clear juice had no significant effect on the concentration of esters. The concentrations of i-amyl alcohol and 2-phenyl ethanol were significantly decreased, which is remarkable because wines made from clear juice are already low in higher alcohol concentration.
s. Afr. J. Enol. Vitic., Vol. 2. No.2. 1981 Tables 4 and 5 . 'Significant at P '" 0,05. "Highly significant at P '" 0,01. NS Not significant.
SUMMARY AND CONCLUSIONS
According to South-African cellar experience the finest white wines are prepared from clear grape juice under strictly anaerobic conditions. After settling with bentonite, grape juice generally retains a finely dispersed residual turbidity. This turbidity in the juice proved to be responsible for off-flavours and low wine scores in a considerable percentage of wines made from settled juice. However, with perfectly clear EK-filtered juice other problems arise. Complete de-aeration of the juice always caused lagging and incomplete fermentation. On Generally, cellars steer a middle way with regard to residual oxygen and finely dispersed residual turbidity in the juice, resulting in fermentation to be completed within 30 days. Detailed knowledge of the effects of oxygenand turbidity-factors in the juice batches is lacking, and with the introduction of more sophisticated clearing and de-aerating methods, increasing problems with regard to lagging fermentation may be expected. Using EK-filtered and de-aerated juice as basic material, it is possible to determine the demands of yeast for stimulating agents, viz. oxygen, finely dispersed grape material or ergosterol. This also allows for a basis for investigating the effects of these agents on aroma formation. EK-filtrates and filtrates through No.3 sheets appear identically clear, yet the No.3 filtrates ferment more actively than the EKfiltrates, indicating that a small amount of emulsified grape steroids has a big effect on fermentation. Very small quantities of oxygen introduced during different stages of fermentation (10-30 mg 02/e/day) have a similar effect on fermentation. In practice, too slow fermentations should be stimulated in an early stage, viz. at the first indication of lagging. In later phases of fermentation the results are less successful. Nevertheless, it has often been possible to reactivate lagging fermentations in EKfiltrates even at the 45th day after inoculation by an admixture of 25% by volume of settled juice. The application of air, especially in a later stage of fermentation, could easily cause oxidation and should therefore be omitted.
Because the highest wine scores were obtained with fermentations of EK-filtered juices stimulated by ergosterol addition, a thorough investigation of the natural cell proliferation promoting steroids, and also of the very active emulSifying agents in the grape, could have considerable practical implications.
With regard to wine aroma, it should be kept in mind that, even exclusive of ethanol and acetic acid, 90% (mlm) of wine volatiles consists of fourteen components, belonging to four chemical classifications, viz. higher alcohols, their acetates, fatty acids and their ethyl esters. The production of ethyl esters is relatively independent of the fermentation method. As was already indicated in earlier publications, the concentrations of the ethyl esters of octanoic and decanoic acids in the wines correlate with the sugar content and thus with the maturity of the grapes.
In the present study it has been shown that the formation of higher alcohols is nearly entirely affected by two factors, namely juice turbidity in combination with fermentation temperature. The results of numerous laboratory experiments with filtered juice indicated that the concentrations of the three main higher alcohols, i-butanol, i-amyl alcohol and 2-phenyl ethanol, amounted to a rather constant total of 90 mglC at 13°, 15° as well as at 25°C. In wines from settled juice fermented at 13 °C and 25°C, the total higher alcohol concentrations on the other hand amounted to 170 and 375 mglC respectively. The temperature dependency of higher alcohol formation can, therefore, be fully ascribed to the residual turbidity in the juice. The concentration of acetates in wines varies over a wide range, and i-amyl acetate for instance, is found in concentrations ranging from 0,8 to 15 mg/C. The acetates, therefore, are sensitive indicators for reproducibility in wine making. Acetate production was highly significantly affected by the presence of ergosterol in the juice.
Slight aeration in the second phase of fermentation resulted in a partial oxidation of ethyl decanoate to ethyl dec-9-enoate. Virtually no other effects of aeration on the composition of the fermentation aroma were observed.
